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Abstract 
This study aimed to produce biofuel, namely biobutanol, from palm empty fruit bunches (PEFB) by Clostridium 
acetobutylicum. The PEFB was hydrolyzed either by acid or enzyme to produce available sugar for C. 
acetobutylicum. For acid hydrolysis, 50 g/L was hydrolyzed by sulfuric acid at various concentrations of acid in a 
range of 0 to 2.0%. Increasing the concentration of acid from 0.5 to 2.0% provided reducing sugar concentration of 
44 to 49 g/L. Prior to enzymatic hydrolysis by cellulase, the PEFB was pretreated either with acid or base or both 
chemicals. The cellulose content of the PEFB was increased from 41.32±0.81% up to 62.97±0.32, 62.70±0.35 and 
68.40±0.89% by the pretreatment with acid, base and both chemicals, respectively. Consequently, 50 g/L of the 
pretreated PEFB was hydrolyzed by cellulase for 72 hours. The amounts of obtained reducing sugar from acid, base 
and both pretreated PEFB were 10.14±0.14, 16.43±0.40 and 6.50±0.23 g/L respectively. The pretreatment by base 
was found to be the most suitable method to prepare PEFB for enzymatic hydrolysis. The production of acetone 
butanol ethanol by C. acetobutylicum in RCM medium containing 20 g/L sugar from cellulase hydrolyzed PEFB at 
168 hours gave higher total ABE production of 1.262±0.218 g/L compared with that from acid hydrolyzed PEFB 
(1.058±0.173 g/L).  
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1. Introduction 
Oil is one of the essential fuels used by people all around the world. The rising demand of oil and its 
instability price can lead to the oil shortage fears in various countries worldwide including Thailand. 
Thus, an alternative supplies produced from biomass fuel such as acetone, butanol and ethanol have been 
growing more popularity lately. Butanol mixing with fuel can be used with internal combustion engine; 
both benzene and diesel. Replacing lead with butanol has various advantages such as enhances the engine 
efficiency and reduces air pollution. Various qualities of butanol have proved its potential of being 
alternative fuel over ethanol such as giving higher energy, containing low vapor pressure and low 
solubility in water, being dissolved completely even in low temperature and preventing oil-alcohol 
separation which is a previous problem of using ethanol  
At the moment, agricultural products such as sugar canes, molasses, and cassavas are used as raw 
materials for the production of ethanol in Thailand. However, most of the products mentioned are 
considered as food so that the supply is insufficient for the production of ethanol. Therefore, 
lignocelluloses, substances commonly found in industrial or agricultural wastes, appear to be a feasible 
resource. In addition to agricultural wastes such as rice straws, corncobs, soybean meals, bagasses and 
sweet sorghums, industrial wastes are also interesting biomass. Since oil palm is one of industrial crops 
that have been planted extensively throughout the Southern Thailand, it leads to the increasing amount of 
palm oil mill manufacturers in the particular area which causes profuse wastes. Using palm-oil industrial 
wastes is a distinguish option for producing butanol.    
In this study, palm empty fruit bunches as palm-oil industrial wastes was used as a raw material for 
biobutanol production by Clostridium acetobutylicum. In order to select the better method for producing 
available sugar for C. acetobutylicum, acid hydrolysis and enzymatic hydrolysis were studied. There were 
three objectives in this investigation: (1) to determine the optimal condition for acid hydrolysis of oil 
palm empty fruit bunch (PEFB); (2) to determine the optimal condition for enzymatic hydrolysis of PEFB 
and (3) to compare butanol production by C. acetobutylicum using PEFB hydrolyzate from acid and 
enzymatic hydrolysis.  
2. Materials and methods 
2.1 Palm empty fruit bunch (PEFB) 
Palm empty fruit bunch was received aid from Thai Tarlow and oil Co., Ltd., Surattani and sun-
dried for 2 days, then stored in the plastic bag and kept at room temperature. 
2.2 Microorganism and enzyme 
Clostridium acetobutylicum DSM 1731 was purchased from German Collections of Microorganisms. 
The stock culture was maintained in the form of a spore suspention in 25% glycerol 2 mL and frozen at -
20 °C [1]. Cellulase from Trichoderma reesei (5 U/mg-solid) was purchased from Sigma Chemical Co. 
(St Louis, MO).  
2.3 Acid hydrolysis  
 PEFB 5 g was added into diluted sulfuric acid 100 mL (0%, 0.5%, 1.0%, 1.5% and 2.0%) and 
autoclaved at 121 ºC, pressure 15 psi for 1 hour. After reaction solids were separated from aqueous 
solution by filtration. The supernatant was neutralized to pH 6.8 [1] and analyzed for reducing sugar. 
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2.4 Enzyme hydrolysis 
PEFB was pretreated either with acid or base or both chemicals prior to cellulase hydrolysis. For acid 
pretreatment, PEFB 5 g was soaked in 50 mL 0.5% sulfuric acid for 15 min and autoclaved at 121 ๐C, 15 
psi for 15 min [2]. For base pretreatment, PEFB 5 g was soaked in 50 mL 10 % sodium hydroxide and 
boiled for 15 min. The hydrothermal pretreatment was conducted by autoclaving at 121 ๐C, 15 psi for 15 
min. For cellulase hydrolysis, pretreated PEFB was added into saturated solution of citric acid buffer, 
0.05 M, pH 5.0 volume 30 mL. Then, cellulase (45 U/g substrate) was added. The mixture was incubated 
at 50 °C and 160 rpm for 72 hours. The sample was collected every 12 hours. It was immediately boiled 
in the hot water for 3 min and cooled at room temperature to stop the reaction before centrifuging at 6000 
rpm for 20 minutes. The supernatant was analyzed for reducing sugar. 
2.5 Inoculum preparation 
C. acetobutylicum DSM 1713 was heat shocked at 75 ๐C for 3.5 minutes and on ice for 1 minute. The 
heat shocked spores then was anaerobically pre-cultured in a Reinforced Clostridia Medium (RCM, 
Oxoid) medium (1 L RCM medium contains: 10 g meat extract; 5 g peptone; 3 g yeast extract; 5 g 
glucose; 1 g soluble starch; 5 g sodium chloride; 3 g sodium acetate; 0.5 g L-cysteine). It was incubated 
under static condition at 37 ๐C for 18-24 h when the log phase was reached [3].  
 2.6 Fermentation 
The fermentation was established in 60 mL butyl rubber seal-serum bottles. RCM medium was 
employed throughout the study. Where noted, PEFB was replaced with the same amount of sugar. 
Anaerobic condition was performed by addition of reducing agent and flushing with N2 gas over the 
medium.  
2.7 Analytical methods 
Cell growth was determined by the measurement of optical density at 660 nm (OD660) by a 
spectrophotometer (Libra S22, England). During the fermentation period (168 h), a 1.5 mL sample was 
taken every 24 h using a syringe and centrifuged at 8000 rpm, 4 ◦C for 25 min. The supernatant was 
analyzed for ABE, organic acids, residual reducing sugar concentrations. ABE and organic acids were 
measured by gas chromatography (Hewlett Packard) using a glass column (HP-INNOWax Polyethylene 
Glycol) and a flame ionization detector with helium as the carrier gas. The temperature of the detector 
and injector were maintained at 270 and 230 ◦C, respectively. The cellulose and lignin amounts were 
estimated by the method of [4]. The reducing sugar amounts were estimated by the dinitrosalicylic acid 
(DNS) method of Miller using a glucose standard calibration curve.   
3. Result and discussion 
3.1 Acid hydrolysis of palm empty fruit bunches 
Acid hydrolysis of PEFB was studied using sulfuric acid at various concentrations (0%-2.0%). The 
results are shown in Table 1. Acid hydrolysis of PEFB using sulfuric acid concentration of 2.0% gave the 
highest reducing sugar concentration of 49.72 r 0.36 g/L. However, this was not significantly different 
from that using sulfuric acid concentration of 1.5% (49.29±0.73 g/L). Using lower concentrations of 
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sulfuric acid at 1.0% and 0.5% the amount of obtained reducing sugar was reduced accordingly (47.23 r 
1.21 g/L and 44.92 r 0.85 g/L, respectively). Concentrated acid have been used for decrystallization of 
cellulose followed by dilute acid hydrolysis to sugars. In order to save the chemical cost, separation of 
acid from sugars, acid recovery, and acid reconcentration are critical unit points. In this study, considering 
comparable yield of obtained reducing sugar 0.5% of sulfuric acid concentration was chosen due to its 
minimal environmental impact. 
 
Table 1. Total reducing sugar from PEFB after acid hydrolysis. 
 
Acid concentration (%) Total reducing sugar (g/L) Yield (-) 
0.0 7.32 r 0.00d 0.15 
0.5 44.92 r 0.85c 0.90 
1.0 47.23 r 1.21b 0.94 
1.5 49.29 r 0.73a 0.99 
2.0 49.72 r 0.36a 0.99 
abcd Means within a row with different superscripts differ (P<0.05) 
3.2 Cellulase hydrolysis of palm empty fruit bunches 
Lignocellulosic materials are difficultly converted to sugars by directly biological methods because a 
lignin network covers the layer of cell walls. Therefore, the pretreatment is a necessary step to alter some 
structural characteristics of lignocellulose such as destroying the lignin protective layer and increasing 
glucan and xylan accessibility to the enzymatic attack. These structural modifications of the 
lignocellulose are highly dependent on the type of pretreatment employed and have a great effect on the 
enzymatic hydrolysis [5]. Therefore, prior to cellulase hydrolysis PEFB was pretreated to break the 
complex structure and increase cellulose content. The cellulose and lignin content of original PEFB were 
41.32±0.81 and 10.76±0.30% (w/w), respectively. These were close to the study of Umikalson et al. [6]. 
They reported that palm empty fruit bunch contained cellulose and lignin at 50.40±1.2 and 10.00±1.7% 
(w/w), respectively. The compositions of PEFB before and after pretreatment are shown in Table 2. Acid 
pretreatment, base pretreatment and both gave higher content of cellulose compared to the original PEFB 
(62.97±0.32, 62.70±0.35 and 68.40±0.89 % (w/w), respectively). However, the total dry weight of PEFB 
was decreased to 60.52±3.50, 54.71±2.09 and 48.06±4.85 %, respectively. Although the pretreatment by 
both base and acid gave highest cellulose content, the weight loss after pretreatment was also highest.   
 
Table 2. Palm empty fruit bunch after pretreatment. 
 
    Pretreatment Total dry weight of 
PEFB (%) 
Content of PEFB after pretreatment (%) 
Cellulose Lignin 
      Original 100 41.32±0.81c 10.76±0.30c 
Acid treatment 60.52±3.50 62.97±0.32b 15.99±0.09a 
Base treatment 54.71±2.09 62.70±0.35b 13.21±0.06b 
Base followed by acid treatment 48.06±4.85 68.40±0.89a 15.09±0.67a 
Note: Ratio of PEFB: chemical solution was 1:10; Acid treatment: soaked in 0.5 % H2SO4 15 min and autoclaved 121 ๐C 60 min; 
Base treatment: soaked in 10 % NaOH and boiled 15 min. 
 
It was found that the pretreatment of PEFB by base in this study reduced the content of lignin. It was 
reported that alkali pretreatment increases cellulose digestibility and they are more effective for lignin 
solubilization than acid or hydrothermal processes [7]. Taherzadeh and Karimi [8] reported that sodium 
hydroxide is suitable for alkaline pretreatment. It causes swelling, increasing the internal surface of 
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cellulose and decreasing the degree of polymerization and crystallization, which provokes lignin structure 
disruption.  
After pretreatment, PEFB was consequently hydrolyzed by cellulase. The results are shown in Fig.1. 
The amounts of obtained reducing sugar were 2.28±0.38, 10.14±0.14, 16.43±0.40 and 6.50±0.23 g/L 
from hydrothermal, acid, base and both chemicals pretreated PEFB, respectively. Among four 
pretreatment methods, the pretreatment by base was the most suitable method for enzymatic hydrolysis.  
 
 
 
 
 
 
 
 
 
Fig. 1. The amounts of obtained reducing sugar from cellulase hydrolysis of pretreated PEFB. 
3.3 Production of butanol from PEFB hydrolyzate  
Although, acid hydrolysis could provide higher yield of sugar, by-products such as acetic acid and 
furfural might act as the inhibitors in the fermentation. Therefore, the butanol production from acid and 
enzymatic hydrolyzate was compared. Fig. 2 shows time courses of cell growth and pH of the 
fermentation of PEFB hydrolyzate by C. acetobutylicum using 20 g/L sugar from acid hydrolysis and 
cellulase hydrolysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Time courses of OD and pH of C. acetobutylicum DSM 1713 using PEFB hydrolyzate from acid hydrolysis and cellulase 
hydrolysis. 
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The cell growth of C. acetobutylicum was slower at the beginning when using sugar from enzymatic 
hydrolysis compared with that using sugar from acid hydrolysis, but it became faster and gave higher OD 
value after 48 hours. This could be due to the difference in sugar composition obtained from each 
hydrolysis method. The hydrolysis by acid would provide glucose and xylose as a main product, while 
hydrolysis by cellulase might provide only glucose or cellubiose. Fig. 3 shows the products from the 
fermentations. The results showed that hydrolyzate from acid hydrolysis gave acetone 0.123±0.087 g/L, 
butanol 0.821±0.383 g/L and ethanol 0.113±0.049 g/L (total ABE 1.058±0.173 g/L) and acetic acid 
0.109±0.007 g/L and butyric acid 0.334±0.132 g/L (total acids 0.443±0.069 g/L) at 168 h. While 
hydrolyzate from cellulase hydrolysis gave higher total ABE 1.262±0.218 g/L (acetone 0.216±0.142 g/L, 
butanol 0.777±0.331 g/L and ethanol 0.269±0.183 g/L) and higher total acids 0.697±0.022 g/L (acetic 
acid 0.274±0.004 g/L and butyric acid 0.423±0.041 g/L) at 168 h.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Products of C. acetobutylicum DSM 1713 using PEFB hydrolyzate from acid hydrolysis (A) and cellulase hydrolysis (B). 
 
4.  Conclusions 
In this study, palm empty fruit bunches as palm-oil industrial wastes was used as a raw material for 
biobutanol production by Clostridium acetobutylicum. In order to select the better method for producing 
available sugar for C. acetobutylicum, acid hydrolysis and enzymatic hydrolysis were studied. The 
optimal concentration of sulfuric acid for acid hydrolysis was 0.5% which gave reducing sugar 
concentration of 44.92 r 0.85 g/L. PEFB pretreated with base followed by acid gave highest percentage 
of cellulose content. However, cellulase hydrolysis of PEFB pretreated with base gave highest amount of 
reducing sugar of 16.43±0.40 g/L. The products of C. acetobutylicum DSM 1713 using hydrolyzate from 
cellulase hydrolysis were slightly higher than those using hydrolyzate from acid hydrolysis.   
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